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ABSTRAK 
Teluk Bungus dan sekitarnya merupakan salah satu kawasan wisata pesisir yang banyak dikunjungi oleh 
para wisatawan domestik maupun mancanegara. Morfologi sekitar teluk merupakan bentang alam 
pegunungan dan perbukitan yang memiliki kemiringan lereng curam. Material penyusun lereng sekitar pesisir 
Bungus merupakan batuan vulkanik sehingga hasil pelapukan berupa jenis tanah berbatu dengan lapisan 
tanah yang tidak begitu tebal. Kondisi tersebut merupakan faktor pemicu banyaknya kejadian tanah longsor. 
Informasi terkait zonasi tingkat kerentanan terhadap longsor sangat dibutuhkan untuk mengurangi terjadinya 
fenomena longsor di kawasan wisata Teluk Bungus. Klasifikasi kerentanan dilakukan dengan menerapkan 
metode Storie terhadap empat parameter utama yaitu kemiringan lereng, tataguna lahan, jenis tanah dan 
curah hujan. Tingkat kerentanan tanah longsor di Bungus terbagi menjadi 5 tingkatan yaitu kerentanan sangat 
rendah, rendah, sedang, tinggi dan sangat tinggi. Tingkat kerentanan tinggi mendominasi wilayah studi 
sebesar 39,33% yang diikuti oleh tingkat sedang 39,20%, kedua tingkatan kerentanan tersebut berada pada 
tanah litosol yang memiliki kepekaan terhadap erosi tanah. Perubahan tataguna lahan kawasan hutan lindung 
serta jenis tanah litosol yang sangat peka terhadap aliran air permukaan menjadi faktor utama pemicu 
terjadinya longsor di Teluk Bungus. Upaya mitigasi berupa pembangunan fisik dan sosialisasi kepada 
masyarakat sekitar perlu dilakukan untuk mengurangi dampak terjadinya bencana longsor di kawasan ini. 
Kata kunci: longsor, kerentanan, metode storie, Teluk Bungus, pesisir 
ABSTRACT 
Bungus Bay and its surrounding are one of the coastal tourist areas that are frequently visited by domestic 
as well as international tourists. Morphology around the bay is a mountainous landscape that has a steep 
slope. Materials forming the hillside around the coast are volcanic rocks, which through. Weathering process 
resulted in rocky area with thin layer of soil. These conditions are the main factor triggering landslide events. 
Information regarding vulnerable zone of the landslide is essential to reduce the impact of the landslide 
phenomena in Bungus Bay. The vulnerability classification was done by applying the Storie method to analyze 
four main parameters which are, slope, land-use, soil type and rainfall intensity. The landslide vulnerability 
level in Bungus Bay was divided into five levels, namely very low, low, moderate, high, and very high. High 
vulnerability covers 39.33 % of the study area. Meanwhile, moderate vulnerability covered 39.20 %. Both levels 
of vulnerability ware located in the lithosol area which is very sensitive to the soil erosion. Land-use change in 
protected forest area and the lithosol soil type become the main factors triggering the landslide events. 
Mitigation efforts in the form of physical development and socialization are to reduce the impacts of the 
landslide in this area.  
Keywords: Landslide, vulnerability, storie method, Bungus Bay, coastal 
INTRODUCTION 
Landslide is one of the natural disasters that is 
quite pernicious. Its occurrence increases in the 
prone area (Jebur, Pradhan, & Tehrany, 2014). 
Globally, landslide events impact settlement 
damage, local deprivation, and human victim every 
year (Pourghasemi, Pradhan, Gokceoglu, 
Mohammadi, & Moradi, 2013). Landslides represent 
around 9 % of disasters in the world during 1990’s. 
This trend is predicted to continue several years 
ahead due to the increase of urbanization and 
development, illegal logging and rainfall intensity 
enhancement regionally (Yilmaz, 2009). The 
landslide has a role in the earth evolution which it 
may frequently occur around the world.  
The coastal system in the last decades had 
experienced pressure processes. The changes 
more than its natural condition (Sesli, Karsli, 
Colkesen, & Akyol, 2009). Cliff evolution in the 
coastal area is complicated affected by sea and 
anthropogenic processes (Lim, Rosser, Allison, & 
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Petley, 2010). Landslide is well-known as the 
process of vulnerability of coastal cliff evolution 
(Epifânio, Zêzere, & Neves, 2013). Identifying the 
factors and processes controlling the rocky cliff 
coast is the important stage to determine the 
evolution of this system (Neves & Pereira, 1999). A 
study regarding to the dangers of coastal cliff 
related to the landslide occurrence with the cracked 
cliffs is necessary (Nunes et al., 2009).  
Indonesia archipelago is located in the middle 
of three active plates, Indo-Australian plate, 
Eurasian plate, and Pacific plate. The meeting of 
those plates occurs in the subduction zone, 
resulting in volcanic arc formation with the 
moderate-steep slope (Xiao et al., 2015). Volcanic 
eruption results in materials with a high porosity and 
slightly compacted. These materials propagate in 
the steep slope. Those conditions affect the 
hydrological balance system disruption in the prone 
area of landslide (Kim et al., 2017). Generally, 
Indonesia region, such as West Sumatera, most of 
its areas consist of hills and mountains which are 
prone to landslide. High level of the landslide in the 
West Sumatera is caused by the high precipitation 
and earthquakes naturally occurred (Umar, 
Pradhan, Ahmad, Jebur, & Tehrany, 2014). 
Several factors that have a role related to 
landslide occurrence are slopes, lithology, the 
distance from main roads, land-use, and human 
activities (Dahal & Hasegawa, 2008; Zare, 
Pourghasemi, Vafakhah, & Pradhan, 2013). Based 
on the study of the landslide in Padang City, West 
Sumatera, the landslide location is predicted to 
occurr either in the fracture zone or fault system. 
Lithology arranging the hills consists of volcanic 
materials such as tuff and pumice located above 
andesite chunk with 20 meters of thickness which is 
prone to landslide (Fiantis et al., 2017). Bungus Bay 
coastal area and surrounding are one of the marine 
tourism areas located beneath the volcanic hills. In 
the surrounding, there are rocks hanging downhill.  
There were six times landslide occurrences in 
Padang City during 2015, one of them occurred  in 
Bungus Kabung Bay (BPBD, 2015). Marine tourism 
in Bungus Bay has become the most attracting 
beach in Padang due to its beautiful scenery. 
Nevertheless, according to the landslide 
vulnerability zone and flood map of February 2015, 
the tourist sites are located in landslide prone areas 
(Geologi, 2015). One of the examples of great 
landslide in the coastal area was occurred in 
Sandranan Beach, Gunungkidul, Yogyakarta on 
June 17th, 2015, killing four tourists and wounding 
2 other people (Mustaqim, 2015). 
Therefore, the information regarding the 
classification of land movement vulnerability in the 
prone area in the Bungus coast is necessary in term 
of spatial interests and disaster mitigation. This 
study aimed to classify the vulnerability level of land 
movement in the prone area in the Bungus coast by 
employing Storie method (Sitorus, 1985; Storie, 
1978). Storie method has been used landslide level 
classification in several areas of Indonesia (Khori 
Sugianti, 2014). 
METHOD 
Bungus Kabung Bay Sub-district is positioned 
at 100° 22’ 12’’ E, 1° 0’ 54” S and 100° 25’ 58.8” E, 
1° 4’ 40.8” S (Figure 1). Bungus Sub-district 
consists of 6 villages; West Bungus, South Bungus, 
East Bungus, South Kabung Bay, Central Kabung 
Bay, and North Kabung Bay. This research focuses 
only to the coast along Bungus Bay which 
surrounded by hills and steep beaches (more than 
40% of slope) (BPS, 2016). The geological 
condition of the study area  are Tomp formation and 
Qa. The tomp is Oligo-Miosen volcanic rock, formed 
from a volcanic material with a slight of sediment 
rocks. The volcanic rocks composed of lava, 
breccia, tuff breccia, tuff crystal, ignimbrite, and tuff 
dominated by andesite and dacite. Both coastal and 
beach area were formed by alluvial deposit (Qa) 
and consisted of silt, sand, and gravel  (H.M.D. 
Rosidi, S. Tjokrosapoetro, B. Pendowo, 1996). 
Storie Method was implemented to classify and 
calculate the landslide vulnerability, which was 
applied to 4 parameters such as land-use, slope, 
soil type and rainfall intensity (Table 1). Data of 
each parameter were processed spatially which 
were subsequently classified and given weight, so 
that, the calculation can be performed. Once the 
map of each physical parameter was done, those 
maps were then overlaid to produce a vulnerability 
map. The employed method did not consider other 
physical parameters or economic factor that might 
affect plantation of the certain area. The calculation 
to obtain the Storie Index was formulated in 
Equation 1 as follow: 
𝑳 = 𝑨 𝒙
  𝑩
𝟏𝟎
𝒙
𝑪
𝟏𝟎
𝒙
𝑫
𝟏𝟎
  
Where: 
A: Land-use 
B: Slope 
C: Soil type 
D: Rainfall intensity 
Land-use data were obtained from the 
1:25,000 Indonesia morphological map of Padang 
City (BAPPEDA, 2007), which then scored based 
on the land classification by (Karnawati, 2005). The 
slope was obtained by analyzing the map of data 
elevation model (DEM) that was processed using 
Global Mapper to divide the studied area based on 
the percent of slope (Zuidam, 1979). The rainfall 
information was gained from the 96161-rainfall 
observation station of Meteorological, 
Climatological, and Geophysical Agency of 
Indonesia (BMKG) which was located at  
100.0304o E and 1.162o S. The rainfall scoring was 
based on the rainfall intensity classification by 
(Puslit Tanah, 2004). The last parameter, the soil 
type, was attained from BAPPEDA of Padang City. 
Analysis of each parameter was done using a 
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geographic information system software. Data were 
analyzed and assessed by classification and 
scoring. While the vulnerability level calculation  of 
land movement was done using Storie method 
(Sitorus, 1985). Furthermore, the result overlaid the 
physical parameters to produce the map of land 
movement level (Figure 2). Storie index 
modification approach was used to decide the land 
movement vulnerability level in the Bungus coastal 
area, Kabung Bay.  
 
Figure 1. Research location map.
 
Tabel 1. Scoring of Storie parameters. 
Parameter Score Classification 
1 2 3 4 5 
Land-use Heterogeneous 
forest 
Homogeneous 
forest 
Farm Settlement, 
agricultural 
field, pond 
Moor, 
open filed 
Karnawati, 2005 
Slope (%) 0 - 8 >8 - 15 >15 - 25 >25 - 45 >45 Van Zuidam, 
1979 
Soil type Alluvial Latosol Brown 
Forest, 
Mediteran 
Andosol, 
Grumosol, 
Podsol 
Regosol, 
Litosol, 
Organosol 
Sobirin, 2013 
Rainfall intensity 
(mm/year) 
< 2.000 2.000 – 2.500 2.500 – 
3.000 
>3.000  Puslit Tanah, 
2004 
 
 
Figure 2. Research flow chart.
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RESULT AND DISCUSSION 
The results of Geographic Information System 
(GIS) and arithmetic overlapping show the zonation 
of landslide determinant parameters. The 
parameters, assessing the level of landslide 
vulnerability, were appropriated with the condition 
existed in the study area. Each factor classified to 
be the vulnerability level in accordance with every 
class resulted (Figure 3, Figure 4, and Figure 5). 
Slope analysis 
Slope classification according to (Zuidam, 
1979) in the study area had five classes (Figure 3). 
Slope level 0-8% covered 16.72 % of study area, 8-
15 % covered 14.77%, and 15-25% covered 
23.24% respectively. Based on analysis result and 
slope classification, slope level 25-45% was 
predominant. Around 40.49% of the study area, was 
categorized into a steep slope with a coarse relief 
morphology (Zuidam, 1979). The area of >45% 
covering 14.78% slope was identified as the 
protected forest. That area had a steep hills 
morphology formation, so this area was not 
appropriate for settlement.  
Flat slopes were identified in the river 
watershed and coastal area. Downhill morphology 
in the study area was formed by younger volcanic 
deposition resulted from weathering processes, 
resulting in soil-covered tertiary volcanic materials 
in the form of great chunks and rocks. Those 
conditions were categorized into a prone slope of 
land movement (landslide) due to residual soils 
formation of rocks (Karnawati, 2005). Those slope 
arrangement conditions tremendously trigger the 
soil mass transfer (landslide). The steeper slope, 
the more  potential of the landslide (Arsjad, 2012). 
Slope is one of the most important factors 
influencing the downhill stabilization. Generally, 
slope stability is the interaction of slope angle with 
the material behavior such as scour, permeability, 
and cohesion (Devkota et al., 2013). Morphology 
formation and materials arrangement of natural 
sight is controlled by tectonic characteristics. 
Sumatera Island is the top part of South East Asian 
plate stabbed to the Indian Ocean and Australian 
plates, resulting in oblique subduction formation 
(Prawirodirdjo et al., 2000). Those processes form 
steep hill in the form of cliffs. Other than that, 
lithology formation of a region has a big role evoking 
landslide. Every type of lithology has a different 
vulnerability level to the active geomorphic process 
(Pradhan, Singh, & Buchroithner, 2006). 
Land-use identification and classification 
The land-use was divided into 5 types including 
settlement area, agricultural field, rice field, 
heterogeneous forest, and irrigation field together 
with the river pathways (Figure 4). The field and 
settlement area occupied the widest area reaching 
63.92 %, followed by the forest of 32.46 %, 
agricultural field area of 0.09 % and irrigation 3.53 
%.  Based on the sensitivity of erosion, the 
settlement, rice field, and irrigation were classified 
as the land-use with high sensitivity (Karnawati, 
2005). 
 
Figure 3. Slope profile of Bungus Bay. 
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Source :    BAPPEDA, 2007 
Figure 4.  Land cover map of Bungus Bay. 
 
The occurrence of land-use change happened 
in the open land of the forest and hill area. The land 
reform into settlement and plantation became the 
factors that triggered landslide occurrence. Land-
use change is becoming the important factor of the 
landslide, particularly when the rainfall intensity 
increased (Karsli et al., 2009). The landslide directly 
correlated to land-use variation in every region 
(Glade, 2003). Vegetation in protected forest plays 
an important role to protect the soil solidity when the 
rainfall increased in the study area. Nonetheless, 
nowadays the vegetation in the hill area has 
changed to plantation and settlement areas. A study 
defined that the roots of the trees contributed to the 
slope stability enhancement. The greater the forest 
cover proportion, the less the soil eroded by 
rainwater (Chen & Huang, 2013).  
Soil Types 
The soil found in the study area consisted of 4 
types; alluvial, andosol, lithosol and latosol  
(Figure 5). Lithosol is a very dominant soil type in 
the study area, of 52.07%, alluvial about 28.83% 
located on the coastal and watershed, and the rest 
of the types consist of 15.31% of latosol and 3.79% 
of andosol which were existed in the northern part 
of the study area. Based on erosion sensitivity, 
lithosol is the most sensitive and vice versa for 
alluvial soil (Sobirin, 2013). Latosol soil type is the 
rocky soil with a slightly thick layer. Latosol soil is 
formed from weathering result, including chemical 
and physical processes of igneous rocks, resulted 
from volcanic eruption, generally located in the 
steep slope area (Mulia & Prasetyorini, 2013). 
Colluvial soil type correlated to the shallow land 
movement. That soil type sources from weathering 
of base rocks included in lithostratigraphic formation 
(Zizioli, Meisina, Valentino, & Montrasio, 2013). 
Stratigraphic formation of the study area was 
predominated by volcanic rocks with slight 
sediment. Volcanic rocks consisted of lava, 
breccias, tuff breccias, and sediment rocks from the 
first Miocene (Rosidi, Tjokrosapoetro, & Pendowo, 
1996). The weathering result of volcanic rocks in the 
form of tuff breccias caused the fragment to be in 
the middle between obsolete tuff matrixes, resulting 
in prone land movement while raining. 
Rainfall intensity 
Padang City has a tropical climate which the 
rain falls for most of the year. Its rate reaches an 
average of 336.25 mm per month with an average 
rainy day of 16 days per month. The highest rainfall 
rate occurred in March reaches 585.44 mm. 
Meanwhile, the lowest occurred in July of 194.9 
mm. We measured the rainfall intensity of the study 
area based on the data of the nearby weather 
station located at Bayur Bay. The result shows that 
the average of rainfall intensity ranged 2,534 – 
2,765 mm/year, categorizing the study area as a 
wet area (Puslit Tanah, 2004).  
Rainfall intensity is the important factor 
triggering the landslide (Segoni, Rossi, Rosi, & 
Catani, 2014). The landslide will usually occur, if the 
rain intensity increases on December, January, 
March, and April. The rainfall intensity enhancement 
causes the soil to be covered in the downhill by 
texturing uncompacted soil, so that, when the water 
saturated, the slope could be easily moved. The 
existence of water in the superficies has a role  
empowering land movement in the slope area.  
Vulnerability level classification 
Determination of the landslide-prone area 
using Storie Method was the multiplication of each 
selected parameter. Based on the result, we defined 
that the classification ranged between 0.001< Storie 
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index< 0.256. That range was then converted into 
several levels by following the character of the study 
area, divided into five classes (Table 2). According 
to the result, our study area laid in very low to very 
high vulnerability (Figure 7). 
Table 2.  Vulnerability level value of landslide 
occurrence. 
The very high vulnerability level was found in 
the protected forest, about 15.55 % of the study 
area. The slope of this area was higher than 45% 
which partially still in used as the farming and 
settlement area by the local people, enhancing its 
vulnerability level. The rock had been weathered 
and chunks of the huge rocks planted between the 
soils. Moreover, the type of the soil, that is lithosol, 
is very sensitive to the erosion. The high level of 
vulnerability dominates the study area, covered 
39.33 % of total area. The high vulnerability area 
composed of lithosol soil, having the high sensitivity 
of erosion. The land-use in this area was covered 
by the settlement, open field, and rice field, which 
were the major factor of high vulnerability level. The 
slope came under the steep category with the value 
of 25-45 %.  
The lithology was formed by the weathering 
result of volcanic materials that were susceptible to 
the landslide (Figure 6). This high vulnerable zone 
covered several tourism locations such as Nirwana 
Beach, Fumarha Beach, Menara Pandang, and 
some offices (Coastal Research Agency, Ministry of 
Public Work). This high vulnerable area has 
become threats for the main road, due to its 
connectivity with the crowd cities such as Padang 
and Bengkulu (Figure 7). 
 
 
Source : (BAPPEDA, 2007) 
Figure 5.  The soil type identification of Bungus Bay.  
 
Figure 6.  A. Lithology resulted from weathering of volcanic rocks in the landslide 
area behind the Balai Pantai Kemen PUPR; B. Steepy hills 
morphology between the coastal areas. 
No Storie classes Vulnerability level 
1 < 0,001 Very low 
2 0,001 – 0,016 Low 
3 0,016 – 0,081 Moderate 
4 0,081 – 0,256 High 
5 > 0,256 Very high 
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Figure 7. Vulnerability level map of landslide in Bungus Bay and it’s surrounding. 
A moderate vulnerability was identified in the 
area with steep slope ranged between 15-25 %, 
which covered about 39.20% of the study area. This 
area was also utilized as a settlement area, 
cultivation, and rice field which were quite sensitive 
to erosion. Low vulnerability covered about 5.14 % 
out of the total area. The slope of this area was 
relatively flat and ramps, formed by alluvial 
materials resulted from river transport. It was used 
as agricultural area and settlement as well. This 
zone was directly bordered by beaches and 
watershed areas. 
The area of very low vulnerability covered  
0.79 % of the study area, located in the coastline 
part and composed of alluvial soil but in several 
areas, composed by latosol. This zone was laid on 
a flat slope, which was commonly used as a 
fisherman’s housing and tourism center. It was 
bordered by steep hills, resulting in the pernicious 
condition of the landslide. The composed materials 
were the result of weathered volcanic materials 
which could be shown by chunks of rocks appeared 
among the soil due to weathered volcanic breccia.  
This kind of materials would easily trigger the 
landslide when the high rainfall intensity occurred by 
forming the saturated soil that would glide chunk of 
rocks. The landslide events in our study area were 
also influenced by several water sources or rivers 
flown between the slopes affecting the soil 
saturation. The anthropogenic factors such as 
logging and cliff excavation were also the other 
major problems triggering the landslide. This 
condition induced the surface flow and soil sliding. 
The soil slides into the under-level area, supported 
by the high rate of rainfall intensity. 
The higher value of vulnerability results in the 
higher possibility of landslide occurrence. The 
physical mitigation efforts might be performed to 
handle the moderate to high landslide vulnerability 
area. The efforts such as cliff cutting and horizontal 
stratigraphy rock excavation, constructing a sea 
wall to reduce surface water velocity (run off) and to 
decrease the scouring power, tying the weathered 
rocks of the steep and very steep slope, 
constructing terrace in the hilly area with un-
compacted materials, forming a channel beneath 
the seawall along the cliffs, as well as preventing 
and limiting land clearing utilized for fields and 
settlements on the steep slope and in the protected 
forest, are the best way to reduce the potential of 
landslide. 
CONCLUSION 
Vulnerability level of the landslide in the coastal 
area of Bungus was divided into five levels, very 
low, low, moderate, high, and very high. The high 
vulnerable area identified in the coastal area of 
Bungus Bay reached 33 % of the study area, 
including the marine tourism area of Bungus bay 
was included into high vulnerability area. The highly 
prone area was located in the hill morphology with 
a steep to very steep slopes determined by volcanic 
materials. Weathering process determined the 
characteristics of volcanic rocks consist of slight 
thick soil layer above bedrock as well as steep 
slope. This characteristic influenced the land 
movement occurrence. The high rainfall intensity in 
certain months became the factor triggering the 
landslide. Forest vegetation area reduction could 
strengthen the downhill stability because every land 
utilization change impacted the possibility of the 
landslide occurrence.  
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